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A BACTERIAL EOT OF CELERY.
BY H. WORMALD, A.R.C.SC, D.I.C., B.Sc. (LOND.),
Assistant Mycologist, South-Eastern Agricultural College, Wye.
DURING the month of February, 1913, an examination was made
of a number of celery plants, grown in the gardens attached to the
South-Eastern Agricultural College, Wye, for the purpose of ascer-
taining the amount of damage produced at that time of the year by
the parasitic fungus Septoria Petroselim var. Apii. Some of these
plants were found to be in an advanced stage of decay, the affected
portions being discoloured and pulpy, and showing every evidence
of a soft, brown rot. As numerous pycnidia of the fungus were to
be found on most of the plants examined and as that parasite is known
to continue its ravages during the winter, even when the plants are
dug and placed in storage1, it was thought that the Septoria was the
primary cause of the damage. It was found, however, in most cases,
that when the soft pulp was subjected to microscopic examination,
there was no trace of either pycnidia or mycelium, while bacteria and
often eelworms were swarming in such material. Again, when the
tissues on the border line of the sound and the decaying parts were
examined it was exceptional to find any extraneous organisms with
the exception of actively motile bacteria which were found within the
cells and in the liquid oozing from the decaying mass. These facts
suggested that the bacteria were directly responsible for the decay of
the celery. In order to test this it was decided to isolate the organism
and attempt to reproduce the symptoms of the disease by inoculations
from pure cultures.
1
 Duggar in b'uwjom Diseases of Plants, p. 361, says " The late blight is destructive in
the field until the plants are 'lifted.' It may also extend its injuries to the storage coop
or cellar."
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In some instances outer leaves only were attacked, and when these
were removed the plants appeared little or no worse, but in others the
stem ("heart") itself was undergoing decay (see Fig. 1, Plate II),
when the damage was of a more serious nature. At that time of the
year it is difficult, if not impossible, to find celery plants free from
injury of some kind, and particularly are they subject to the attacks
of suails and slugs which, in all probability, not only disseminate
pathogenic organisms but also introduce them into the internal tissues
of the plant. Many petioles showed a wrinkling of the inner (ventral)
surface, due to unequal growth of the inner and the outer tissues ; this
condition, often found in, but not restricted to, diseased plants, leads
to a rupture of the internal cells, thus favouring the development
of those rot-producing bacteria which gain an entrance. Fig. 6,
Plate II shows such a petiole. Above are seen two, more or less
circular holes, similar to those caused by slugs; such holes are usually
on the inner side, but sometimes on the outer, and, extending inwards
to about midway between the two surfaces, expose to bacterial attack
the more delicate internal cells which are normally protected by the
vascular strands, the collenchyma and the epidermis. Beneath the
wrinkles of this particular specimen was a space, covered on the side
towards the axis by a layer of tissue about 1 mm. thick, while on
the other side the thickness was about 3 mm. The tissue lining the
space was a light yellowish brown; two strips, a little paler in colour
and with white, healthy flesh between them, connected the space with
the holes above mentioned. On placing a little of the brown tissue in
water swarms of motile bacteria floated out together with a few eelworm
(Rhabdites) larvae. From the bacteria so obtained was prepared a
series of three isolation, poured-plate cultures1 in celery-extract agar2.
After incubation for 24 hours at 26° C. Nos. 1 and 2 of the series
showed numerous colonies, but in No. 3 isolated colonies were obtained
and from one of these another series of plates was made; finally tube
cultures were prepared from the resulting isolated colonies and a form
was obtained which in poured plates of celery-extract agar produced
three forms of colonies similar to those shown in Figs. S and 9,
Plate II, and described below on p. 212. The organism isolated
was found to liquefy gelatin prepared with celery-extract.
On March llfch a celery plant with well-developed "heart-rot"
(similar to the one shown in Fig. 1) was found to be attacked by
1
 The photograph was taken on Feb. 26th and the cultures were started the same day.
- For the preparation of this medium see footnote on p. 212.
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motile bacteria. From this material a form was isolated, apparently
similar to the one previously isolated; sub-cultures were made on
various media, and inoculations as shown below (pp. 207-211) were
made proving its pathogenicity. Details of its behaviour in those
media and the results obtained from the inoculations are given.
PREVIOUS WORK ON BACTERIOSIS OF CELERY.
Although much work has been done in recent years on bacteriosis of
vegetable tissues, with the result that a considerable number of forms
pathogenic to plants have been isolated, a perusal of works on the
subject showed few references to bacterial rots of celery. General
works on plant diseases (including bacteriosis) make no mention of
celery in this connection, so far as could be ascertained, with the
exception of Sorauer's Handbuch(13), in which on p. 61 reference is
made to two investigators who had observed a celery-rot resembling
in some respects the one here described.
A disease of celery leaves attributed to bacteria was first noticed
by Halsted1"1, who in 1892 announced its appearance in America in
a Bulletin of the New Jersey Agricultural Experiment Station. I have
not seen Halsted's original paper but Mr M. T. Cook, the Plant
Pathologist at that Station, informs1 me that the bulletin referred to
"does not contain a description of the organism causing bacterial rot
but merely a description of the disease." He also states that the rot
has recently been again reported at that Station.
A celery-rot appeared in Italy in 1896 and was described by Brizi <•>,
who stated that the disease was at that time new to Italy2. This
observer isolated a motile bacillus from the material and cultivated
it on a few prepared media ; it grew well on nutrient agar and nutrient
gelatin, but proved unable to liquefy the latter. The form thus
obtained he named Bacterium Apii3.
That the disease is still troublesome in Italy is affirmed by Prof.
Saccardo who, writing to me in January of the present year, says
" Je veux vous informer, moi-meme, que aussi chez nous, particuliere-
ment en province de Treviso cette bacteriose fait beaucoup de ravage!"
1
 Letter dated Dec. 15th, 1913.
s
 "La malattia bacteriologica ora desoritta...ha menata una vera strage nella coltiva-
zioni dei sedaui, e tale malattia, se non e del tutto nuova, certa non era stata mai finora
osservata ne desoritta in Italia."
3
 =BaeiU-us Apii (Brizi) Migulti.
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A paper by Klebahn (9) on "Krankheiten des Selleries," in 1910,
includes a short discussion on the observations made by Halsted and
Brizi; reference is also made to an experiment by Ritzema-Bos'11", who
isolated a bacterium and reproduced the disease but gave no details
of the organism or methods.
The only reference I can find to a celery-rot recorded from the
British Isles is in a paper by Johnson and Adams ((il, who merely state
however " that a brownish rot, similar to that of cabbage, has occurred
in celery from Counties Derry and Tyrone and is caused by a motile
bacterium occurring singly or in rod-like colonies and measuring
1*4 x 0-7/A." Prof. Johnson, to whom I applied for further information,
wrote in reply1 that no further work was done on that subject by
himself and his colleague.
It would appear that the only organism isolated from celery and
adequately described is the form obtained by Brizi. Though that
form is not mentioned as attacking the "heart," as is the case with
the one described in the present paper, it is possible that under
suitable conditions it would do so. It seems certain, however, that
the two are not identical, for Brizi's bacillus was incapable of liquefying
gelatin. Thus he states2: " Sulla gelatina di brodo di vitello peptoniz-
zata col, 10°/o di gelatina, cresce bene ad una temperatura di 20—22°;
le colonie.-.crescono in superficie senza affondare nel substrato, e per
conseguenza senza fondere la gelatina." This point he still further
emphasizes3: " Le colonie, lasciate a se medesime, dopo un certo
tempo si intorbidano si fanno gialliccie ma senza fondere mai in
nessun caso la gelatina." On the other hand the form isolated at
Wye readily liquefies gelatin, prepared either with peptonized bouillon
or with an extract of celery, when grown in stab, streak, or plate
cultures. More than twenty such cultures, started at various times,
ranging over a period extending from March 1913 to Jan. 1914,
have in every case produced liquefaction of the gelatin. In peptonized
bouillon itself the liquefaction is particularly rapid (see below, p. 214
and Figs. 10 and 11).
Taking these facts into consideration it is proposed to designate
the organism, the cultural characters of which are given towards the
end of the paper, as Bacillus apiovorus, nov. sp.
1
 Letter dated Nov. 5th, 1913.
2
 Gent./. Bakt., Abt. n. Vol. 3, p. 579. :i Idem.
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INOCULATION EXPERIMENTS WITH BACILLUS APIOVORUS.
Experiment 1.
Preliminary experiment Mar. 12th, 1913.
A portion of celery " heart" was washed under the tap, slices cut
with a flamed scalpel and dropped into distilled water: the slices
were cut into sectors and five of these were placed in each of two
sterile petri dishes :
Dish (1). Three portions were in- On March 14th the three inoculated
oculated from the diseased celery heart pieces in both (1) and (2) showed discolora-
mentioned on p. 204; two pieces control, tion indicating the commencement of the
Dish (2). As in (1) but inoculated rot; one in dish (1) was brown over the
from colonies obtained in an isolation whole surface. All four controls showed
poured-plate culture prepared from the no discoloration. Particles of the in-
same celery material. oculated pieces in (2) were examined
microscopically and found to be swarming
with motile bacteria.
Experiment 2.
A portion of heart after washing under the tap was soaked in
01 % solution of mercuric chloride for \ min., then washed with
sterilized water : slices were cut with a sterile razor, dropped into
sterile petri dishes and cut into four pieces with a flamed scalpel.
Inoculations made March 18th. Result Ap-il bt/i.
A. Dish (1). Two pieces inoculated (1) One inoculated piece showed a
from a colony of a poured-platc culture, discoloured patch 0'5 cm. in diameter;
two kept as controls. the other was discoloured over half its
surface: controls unchanged.
Dish (2). As in (1). (2) Each inoculated piece showed a
discoloured patch 0'5 cm. in diameter;
controls unchanged.
Dish (3). Not inoculated—all four (3) No change,
pieces kept as controls.
B. All the outer leaves were removed from a celery plant, leaving
a portion of stem several inches long bearing young leaves ; the whole
was soaked in the corrosive sublimate solution for £ min., washed with
sterilized water and the upper portion bearing young leaves was cut
away with a sterile razor. The remainder was placed in a beaker on
Journ. of Agrio. Sci. vi 14
208 A Bacterial Rot of Celery
a petri dish cover and the whole covered by a large beaker (all the
glassware used, previously sterilized) after inoculating the cut surface.
On April 5th a dark brown discoloration was seen extending from
1"8 cm. to 33 cm. from the upper cut surface where the inoculation
had been made. On cutting longitudinally the discoloration and soft
rot were found to extend to 46 cm. from the inoculated surface. This
specimen is shown in Figs. 3 and 4.
Experiment 3.
April 7th. Two slices of celery heart were obtained as in Expt. 2,
except that the stern from which they were cut was soaked in the
corrosive sublimate solution for 1 min. Each slice was placed in a
sterile petri dish and cut into halves, of which one was inoculated the
other kept as control.
Result : On April 11th, after having been kept at a temperature
of 8°—10°C. for four days, the inoculated pieces were almost completely
brown and soft, a little of the tissue towards the periphery being still
firm. One of these slices is shown in Fig. 5.
Experiment 4.
On May 17th an attempt was made to infect seedling celery plants
having leaves 3 to 4 ins. in length. In each of three pots two plants
were treated as follows :
Plant No. 1. (a) One petiole cut across just below the insertion
of the lamina and the inoculation made on the cut end.
(b) Bacteria from a colony of a poured plate were placed on the
petiole just below the lamina and 3 pricks were made with a sterilized
needle through the bacterial mass.
Plant No. 2. (a) One petiole treated as in 1 (a) but not in-
oculated.
(b) One petiole treated as in 1 (b) but not inoculated.
Result: On May 20th plant No. 1, inoculation (a), showed dis-
coloration for 0'2—0'4 cm. below the inoculated surface. No. 2 (a)
in each of the three pots showed no change. Later the three petioles
thus inoculated on the cut surface became rotten to the base and one
of the controls also became infected.
Those inoculated by needle-pricks gave no positive result except a
slight distortion of the petiole in two of them.
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All the plants grew on and the rot did not pass from the infected
petioles 1 (a) to the rest of the leaves.
On June 11th similar inoculations, made by pricking as in 1 (6)
above, were performed on young plants growing in pots, but again
with negative results. As will be seen below (see Expts. 7, 8 and 9)
older plants grown in pots were readily infected1 by needle-pricks
through a bacterial emulsion placed on the leaf-stalk. (Experiments
with young seedlings will be repeated this year to test their apparent
partial resistance to the bacteriosis.)
Experiment 5.
Through pressure of other work the inoculation experiments were
discontinued during the summer months and not resumed until
November; meanwhile the organism was grown in tube cultures,
chiefly on celery-extract agar3.
On Nov. 8th a celery plant was removed from the ground and
after washing with ordinary tap-water, then with sterilized tap-water,
six of the leaves were cut across about 1 inch above the lowest pair of
leaflets and inoculations made on the cut ends of three of them. After
two days the latter showed the typical browning indicative of the rot,
but the progress of the rot itself was very slow; in oue case only had
it extended 1 cm. from the inoculated surface by Nov. 17th. The slow
development of the organism at this time was probably due to its
continued growth as a saprophyte, for that particular strain used in this
experiment had been growing on prepared media only, from April 5th
onwards.
Loss of virulence is known to occur in pathogenic bacteria in
cultures; thus Smith (n| in Vol. II of his monograph writes3: "In some
species long cultivation on artificial media destroys or generally weakens
the ability of the organism to attack tissues," and a brief treatment
of the subject is to be found in the same volume4. Bacillus tumae-
faciens, the crown-gall organism, was found by Smith, Brown and
Townsend |12) to lose its virulence in cultures.
1
 The plants used in the later experiments were from the same batch as those used in
Expt. 4 {i.e. same variety, " Sandringham White") and had been growing in pots through-
out the summer.
3
 This medium is easily prepared (see footnote on p. 212), and sets well after either
discontinuous sterilization or autoclaving.
3
 loc. cit., p. 65. 4 loc. cit., p. 94.
14—2
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Experiment 6.
From the petiole treated in Expt. 5 the organism was re-isolated
on Nov. 17th, and on the following day plants, removed from the soil
and placed with their roots in beakers with a little water, were
inoculated.
InocvZations Nov. 18iA.
Plant No. 1. Two petioles were cut
across between the second and third pairs
of leaflets; one was inoculated on the cut
surface, the other kept as control.
Plant No 2, From the inner surface
of each of two petioles a small portion of
tissue was removed (to simulate the hole
made by a snail). One was inoculated,
the other kept as control.
Result.
On Nov. 20th the rot had extended
to 2-5 cm., and on Nov. 26th to 15 cm.
from the inoculated surface. The con-
trol showed no change.
On Nov. 20th the rot had extended
across the whole width of the petiole and
the part of the leaf above the inoculated
portion fell over. (This stage is shown in
Fig. 7, Plate II.) The control was un-
changed.
By Dec. 4th the rot had reached to
the base of the inoculated leaf and was
attacking the other leaves from below.
Experiment 7.
On Nov. 20th bacteria were procured from the inoculated petiole
of Plant 2 in the last experiment and the organism was re-isolated ;
isolated colonies were obtained by means of plate cultures, from one of
which a tube culture was prepared on Nov. 23rd. The latter was used
in the following experiment.
Inoculations made Nov. 24tk.
Two leaves of a plant growing in a
pot were inoculated by placing bacteria
midway between the two lower pairs of
leaflets and making four pricks with a
sterilized needle through the bacterial
mass.
Two other leaves were similarly
pricked without previous application of
the bacteria.
Result.
On Nov. 26th the two leaves fell over
above the point of inoculation; in one
case the rot had extended for 25 cm.
above the point of inoculation and the
same distance below, in the other for
3 cm. both above and below.
The controls showed no change.
Experiment 8.
With a culture of the same strain as that used in Expt. 7, other
inoculations were made on a plant growing in a pot:
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Inoculations made Jan. \7th, 1914. Result.
(1) Two petioles were inoculated One was found on the morning of
lcm. below the lowest pair of leaflets and Jan. 20th to have fallen over from the
one prick only made in each case through point of inoculation during the night ;
the bacterial emulsion. the petiole was discoloured for 1 cm.
Two petioles were similarly pricked above and 3 cm. below the point of
but bacteria not applied. inoculation.
The other collapsed during the after-
noon of the 20th, when the rot had
extended 1 cm. upwards and 2 cm.
downwards.
The controls were unchanged.
(2) A petiole was cut transversely On Jan. 20th the inoculated petiole
immediately below the lowest leaflets was discoloured to 1 cm. below the cut
and bacteria were placed on the cut end. end, and on the 22nd a length of 4"5 cm.
Another petiole was treated in the was completely rotten and collapsed,
same manner but the cut end was not
inoculated.
Experiment 9.
On Jan. 20th bacteria were obtained from one of the petioles
inoculated in the last experiment, and the organism was again isolated.
A tube culture was prepared and from this, on Jan. 24th, two petioles of
a plant in pot were inoculated as in Expt. 8, two others acting as controls.
Both inoculated leaves fell over from above the point of infection
during the night of the 26th.
Whether celery plants without wounding can be directly infected
from mere contact with diseased organs is uncertain. It has been
noticed, however, that where diseased leaves have collapsed and fallen
across healthy ones, the latter have acquired the rot. This was seen in
the plant inoculated on Jan. 17th (Expt. 8). One of the infected
petioles as it decayed fell across the laminae of two healthy leaves;
of these, when observed on Jan. 30th, one had lost the whole of its
lamina with the exception of the two lowest leaflets which were
hanging from their decaying petiolules, the other showed that the
rot had destroyed one of the lowest leaflets to its base and was
advancing on the rest of the leaf, the lamina falling over from this
point on the following day.
Celery leaves are so very brittle that it is probable in some of these
cases that the weight of the pulpy mass on the leaves has broken
the petiolules of the leaflets and allowed entrance to the bacterium.
Experiments made by placing bacteria on healthy leaves have not
hitherto yielded definite results; in one case a few small discoloured
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patches, which failed to increase in size, were found eight days after
the leaves were so treated.
THE ORGANISM CAUSING HEART-ROT OF CELERY.
The celery heart-rot found at Wye is caused by an actively motile,
rod-shaped bacterium, found singly or in pairs joined end to end.
When taken from infected plants or from young cultures and mounted
in water, the single rods measure 2"5—3'5 x '6—*7/A and the double
rods are 5—6'5 x'6 x-7//.; occasionally longer rods (up to 16'5/u. in
length) with ill-defined septa are met with and probably represent
four single rods. They stain readily with carbol fuchsin and with
gentian violet; Loeffler's and Muir's Pitfield methods of staining have
shown the presence of two to twelve peritrichiate flagella. No endo-
spores have been observed.
It grows readily on agar prepared with an extract of celery heart
or petioles1, and its behaviour in pure cultures was first studied in
this medium. In poured plates incubated at 26° C. colonies of three
kinds can readily be distinguished within 24 hours, viz.:
(1) Those on the surface are convex, circular, with an entire
margin, usually about 1—2 mm. in diameter, glistening, opalescent,
almost white but with a slight yellowish tinge. In old cultures thinly
sown, the colonies may become lobed.
(2) Those embedded in the agar are more or less fusiform,
measuring usually about 0"4 x 0"2 mm. and appear much more dense
and of a deeper colour when viewed by transmitted light than those
on the surface.
(3) In addition to the above other colonies are to be found in the
plane where the agar comes into contact with the bottom of the plate ;
these are in general about 1—1"5 mm. in diam., circular, white or almost
so, and by reason of their situation do not appear highly refractive
as do those on the surface of the agar (see Figs. 8 and 9, Plate II, where
the surface colonies appear to have a dark centre and light margins,
1
 This medium is prepared as follows: clean, healthy portions of celery "heart" are
selected or petioles may be used; these are cut up into small pieces, added to twice their
weight of distilled water in a beaker and steamed gently for two hours. The liquid is
poured off, filtered, allowed to cool, and filtered again. The resulting liquid (which should
be quite free from suspended matter when cold) is again heated and an equal volume of
hot 3 % agar solution added. It is then steamed for a short time and filtered hot; it may
be sterilized by the discontinuous method or by autoclaving at 115° C. for 20 minutes,
though the latter method tends to discolour the extract.
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while those in contact with the glass are uniformly white). At times
these colonies are larger and have radiating lobes.
To show the relation between these deeply embedded colonies and
those at the surface, the plates shown in the photographs were pre-
pared, one (Fig. 8) from a surface colony, the other (Fig. 9) from a
deeply embedded circular colony of a plate culture which was similar
to those illustrated, except that the colonies were fewer in number
enabling sub-cultures to be made without contamination from neigh-
bouring colonies. The colony-forms (1) and (2) are usually not sharply
delimited, for transitional forms occur, while there are no such
transitions between the forms (2) and (3).
As plate cultures become dry the colonies lose their whitish
opalescence and are eventually almost as transparent as the agar
itself, although they retain a yellowish-brown tint.
Growth on streak cultures of celery-extract agar is fairly rapid;
in 24 hours, whether the tubes are incubated or kept at room tem-
perature, the streak is continuous, about 2 mm. broad at the middle,
has a slight tinge of yellow (sebaceous), margin undulate or almost
entire.
Peptone-bouillon agar streaks are similar to the last but usually
more translucent and margin less undulate.
Growth on agar prepared with prune-juice is very slow and is
practically confined to the original line of the streak, remaining
therefore very narrow.
Streak cultures in which the water of condensation has flowed over
the streak develop an iridescent film after a few days.
As already stated gelatin prepared either with celery-extract or
peptone-bouillon is readily liquefied. In the bouillon-gelatin (10 °/o
gelatin) liquefaction is rapid, and 10 c.c. (as stab-culture) may be
completely liquefied within 3 days (see below, p. 214).
When the pathogenicity of the organism was established it was
thought desirable to study its cultural characteristics in accordance
with the "Numerical System of Recording the Salient Characters of
an Organism " elaborated by the Society of American Bacteriologists,
described in a bulletin by Harding (3) and used by Erwin F. Smith
in his Bacteria in Relation to Plant Diseases. With this end in view
a series of tube cultures was started on Dec. 5th, 1913, of the strain
isolated from the petiole which had become infected after artificial
inoculation on Nov. 18th (Expt. 6, Plant No. 2). The cultures were
as follows:
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Celery-agar streaks, one at room temperature, 14—15° C, the
other incubated: Dec. 6th, growth as described above for this
medium.
Two celery-gelatin stabs, at room temperature : Dec. 6th (24 hrs.),
infundibuliform liquefaction in stab, crateriform (2 mm. diam.) at
surface, more pronounced on Dec. 8t.h, by which time it had extended
across the whole upper surface : ou Dec. 10th still more pronounced,
flocculose scum on surface of glass just above the gelatin, dense sediment
at apex of stab.
Bouillon-agar streaks, one at room temperature, another incubated :
growth as described above for this medium.
Two bouillon-gelatin stab cultures (+10 Fuller's scale, gelatin 10°/o):
Dec. 6th (24 hrs.) infundibuliform liquefaction, crateriform above (about
1 cm. diam. at surface); this condition is shown in Fig. 10, the photo-
graph being taken 20 hrs. after inoculation. Dec. 8th (72 hrs.) the
whole liquefied, turbid layer extending from surface to 0*5 cm. below, the
rest showing a flocculent suspension with sediment at bottom of tube.
Dec. 16th turbid layer nearly 2 cm. deep, below this the liquefied
gelatin was clear with the exception of a few suspended flocculi,
dense whitish sediment (Fig. 11).
Bouillon-gelatin streak: Dec. 6th beaded to undulate, broad, sinking
into the gelatin: liquefaction complete on Dec. 8th.
Dextrose Solution with litmus in Durham's tubes, prepared as
recommended by Eyre1 and incubated at 26° C, three tubes inoculated,
one control. Dec. 6th (24 hours) solution turbid, red tint well-defined,
a little gas; control unchanged.
Lactose Solution, prepared and incubated similarly. Dec. 6th slight
turbidity, change of colour not well-defined, intermediate between
that of control and the inoculated tubes of dextrose, a little gas;
control unchanged: on Dec. 7 th (48 hours) red tint distinct in tubes
inoculated.
Saccharose Solution, prepared and incubated as above for dextrose.
Dec. 6th turbid, distinct red tint, a little gas.
After Dec. 7th, wheu the inoculated lactose tubes assumed the
same tint as those of the other two sugars, the tubes (including
controls) showed no appreciable change for over a month, after which
the cultures were destroyed. For the behaviour of the organism in
fermentation tubes containing these sugar solutions see below.
1
 Eyre's Bacteriological Techniqxie, 2nd Ed., 1913, p. 178.
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Nitrate Bouillon.1, two tubes inoculated, one control. Dec. 6th
(24 hrs.) distinct turbidity in former, latter clear. Dec. 10th the
metaphenylene diamine test2 for nitrites was applied to half the
contents of one tube and a deep brownish-red coloration was obtained;
the starch and potassium iodide test2 was applied to the other half and
a dark-blue (almost black) colour was obtained. The contents of the
control tube were divided, to one portion the former test was applied,
to another the latter: no colour reaction resulted in either case. The
second inoculated tube was tested a few days later and gave the same
reactions as the first (see below for growth in Durham's tubes).
Sterilized Potato (semi-cylinders), one in a Roux tube was incubated,
another in ordinary test-tube kept at room temperature. On Dec. 6th
the former showed a faint yellow smear, but there was no visible growth
on the latter. On Dec. 8th both showed a yellow slimy growth on
the surface. On Dec. 19th the liquid at the bottom of the Roux tube
was tested with:
(1) Iodine solution, giving a deep bluish-purple coloration.
(2) Fehling's solution, giving no reduction of copper.
(3) Litmus solution, giving neutral reaction.
Starch Jelly, prepared as recommended by Smith4, two inoculated
tubes and one control were incubated. Dec. 6th faint whitish growth
along the streak : a slow liquefaction commenced and on Dec. 19th one
tube yielded 1*1 c.c. of turbid liquid: this was diluted with a little
water and tests applied as for the liquid in the Roux tube with the
same result; Jan. 29th 1*2 c.c. was obtained from the second tube and
treated in the same way with the same result. The jelly in the control
tube had remained solid throughout. Later it was found, in other
cultures, that a more distinct purple reaction was given on filtering the
turbid liquid, diluting with water and adding iodine solution.
Uschinsky's Solution (with glycerine), (1) tinged with litmus in
Durham's tube, (2) in Durham's tube, no litmus, (3) in ordinary tube,
no litmus: all three were incubated with a corresponding control of
each. Dec. 6th the three inoculated tubes showed a slight turbidity,
controls clear. Dec. loth all three were slightly turbid but with a
dense whitish sediment: tube (3) and its control were tested with
neutral litmus solution; both gave a slight alkaline reaction, as did also
(2) and its control on Dec. 19th. No gas was produced in any case
and the controls remained unchanged until the tests were made.
1
 Eyre's Bacteriological Technique, p. 185. - Idem. p. 289.
3
 Smith's Bacteria in Relation to Plant Diseases, Vol. i. p. 63. ' Idem. p. 196.
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On Dec. 12th two cultures in nitrate bouillon in Durham's tubes
were started to determine whether or not gas was produced: growth
occurred as before, no gas was liberated and both gave the reaction to
the metaphenylene diamine test when applied on Jan. 29th.
On Jan. 23rd a series of cultures similar to the above was started
with the strain isolated from an infected petiole artificially inoculated
in Expt. 8 (1) and used for inoculations in Expt. 9. Allowing for minor
differences, due to manipulation {e.g. leugth of stab or streak), or to
slight changes in the consistency of the media1, the results were
identical. Thus bouillon gelatin was liquefied more quickly than
celery-extract gelatin; nitrate bouillon gave pronounced nitrite re-
action both with the metaphenylene diamine and the starch tests
after 5 days, without gas production; growth on sterilized potato was
slow, yellow in colour with no corrosion of the surface; the liquid
obtained from the starch jelly reacted as before ; Uschinsky's solution
remained slightly alkaline, the litmus was decolorized, and no gas
formed. Even the colour changes in the sugar solutions as observed
after 24 and 48 hours were faithfully reproduced, i.e. acid reaction
appearing more slowly in lactose than in dextrose or saccharose.
Cultures of both strains have also been made in these sugar media
in fermentation tubes; the organism grows well in the closed end
in every case as shown by a turbidity which can be detected in 24 hours;
later this is more pronounced, developing into a finely flocculent
suspension and sediment; a little gas is liberated.
The conclusion drawn from these facts is that the two strains, both
of which have been shown to reproduce the celery-rot by artificial
inoculation, are the same form, the more important cultural features
of which are, apart from those already fully treated, as follows: Nitrates
are readily reduced to nitrites without the production of gas; starch
jelly is slowly liquefied, and the diastatic action is very feeble, though
the purplish reaction with iodine denotes some slight change in the
starch; vigorous growth occurs with glycerine (Uschinsky's solution)
but neither acid nor gas is produced ; acid and gas are developed in
solutions of dextrose, lactose, and saccharose, and the turbidity observed
in the closed end of the fermentation tubes shows that the organism
is a facultative anaerobe in those solutions; most of the cultures have
a faint yellowish colour, which is most pronounced on sterilized potato.
1
 The second batch of starch jelly was liquefied even more slowly than in the first
series and was probably a little firmer.
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These characters, arranged according to the numerical system, are
as follows:
Endospores not produced 200"
Facultative anaerobic 20 •
Gelatin liquefied 1-
Acid and gas from dextrose 0-1
„ ,, lactose '01
„ ,, saccharose '001
Nitrates reduced without gas formation '0003
Yellow chromogena -00005
Feeble diastatic action on potato starch -000002
No acid from glycerine -0000003
Bacillus apiovorus then becomes 2211113523.
This number approaches that for Bacillus carotovorus Jones
(2211113022), a form attacking carrots, etc., described by Jones '"»>(8>
in 1901 and more recently investigated by Harding and Morse141.
The disease has not, up to the time of writing, been met with this
season1, nor has it been reported to us from elsewhere. No estimation
of the damage done by the organism in the garden has been made, nor
is it definitely known at what period of the year the plants are most
subject to attack. The diseased plants examined were obtained during
February and March of last year and it is to be expected that during
the winter months, when the plants are not in active growth, they are
most susceptible to bacterial injury.
Too little is known of the conditions inducing and favouring the
development of the disease for remedies to be recommended, but the
following are suggested as preventive measures:
(a) It is advisable not to grow celery in ground where the disease
has been noticed the previous year. The organism will undoubtedly
be washed into the soil, where it may live saprophytically or lie
dormant until conditions are again favourable for it; in tube cultures
it has been found to retain its vitality for several months, and, as
under such conditions growth ceases within a few days, it must have
remained quiescent during the greater part of the time.
(b) When the celery is stored remove all decaying or badly injured
leaves.
(c) Burn promptly any plants showing a trace of heart-rot.
(d) Slugs, snails, or biting insects should be kept in check ; these
not only injure the plant, allowing the bacteria to reach the internal
tissues, but disseminate the organisms by carrying them from one
1
 While this paper was in the press the disease reappeared in the College gardens.
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plant to another. In some cases numerous mites were seen crawling
over the decaying leaves, to which they were almost confined, though
a few were found on healthy parts of the leaf.
In conclusion I desire to thank Mr E. S. Salmon, F.L.S., Head of
the Mycological Department at the South-Eastern Agricultural College,
for advice and help during the course of this investigation.
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EXPLANATION OF PLATE II.
Fig. 1. A celery "heart" naturally infected, as seen after removing the leaves.
Fig. 2. The same cut longitudinally.
Fig. 3. A celery "heart" 18 days after artificial inoculation from a pure culture.
Fig. 4. The same cut longitudinally.
Fig. 5. A slice of celery cut into halves, one inoculated the other control.
Fig. C. A celery petiole in which bacteria were found beneath the transverse ridges.
Fig. 7. A celery plant two days after inoculation of the leaf on the left; the leaf on
the extreme right was the control (i.e. similarly wounded but not inoculated).
Fig. 8. Poured-plate culture (celery-extract agar) from a surface colony.
Fig. 9. Poured-plate culture (celery-extract agar) from a colony at the bottom of
the agar.
(For description of the colony-forms shown in Figs. 8 and 9, see text.)
Fig. 10. Bouillon-gelatin stab culture, 20 hours old.
Fig. 11. The same culture as shown in Fig. 10, but 12 days old: gelatin completely
liquefied with a turbid layer above and a dense sediment.
